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157] ABSTRACT

The present invention relates to a pulverulent matenal
for the production of standardized TZM parts by sinter-
ing techniques, as well as the notion of using pulveru-
lent nitridic or carbonitridic hard materals as alloying
components 1n the production of the abovementioned
alloy by melt-metallurgical processes (electron beam
melting, arc melting).

6 Claims, No Drawings
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1
MOLYBDENUM POWDER MIXTURE FOR TZM

This is a continuation of application Ser. No.
08/007,168, filed Jan. 21, 1993, now abandoned.

The present invention relates to a pulverulent mate-
rial for the production of standardised TZM parts by
sintering techniques, as well as the use of pulverulent
nitridic or carbomitridic hard matenals as alloying com-
ponents in the production of the abovementioned alloy
by melt-metallurgical processes {(electron beam melting,
arc melting).

Various types of molybdenum alloys with high heat
resistance and creep strength are known. The most
important of these is employed in industry under the
name TZM and is usually produced by powder-metal-
lurgical processes by adding the appropriate quantifies
of titanium hydride, zirconium hydnde and carbon, as
well as carbides/oxides of the corresponding metals and
carbon (carbon black).

In addition to the alloy TZM (of which the main
component is molybdenum together with 0.5% of T,
0.08% of Zr and 0.01 to 0.04% of C) other alloys, such
as for example:

ZHM (Mo +0.72% Zr, 0.14% Hf and 0.05-0.1% C)

TZC (Mo--about 1% Ti, about 0.14% Zr and about

0.1% C)

MHC (contains hafnium carbide)

molybdenum, doped with potassium/silicon oxide

molybdenum/lanthanum oxide

ZHM +-oxides such as ThO» and 1Lay03
are also employed in industry.

Due to the outstanding mechanical and thermal prop-
erties of these alloys, and in particular TZM, they are

highly important for high-temperature applications (re-
action boats, electrodes, structural parts of furnaces,
etc.).

In order to improve the mechanical high-temperature
properties of the refractory metal molybdenum, which
in the pure state has a very high tendency to recrystai-
lise and thus also to become brittle, attempts have been
made for many years to improve the negative properties
of this important material by the use of various addi-
fives. |

In industrial practice the melt-metallurgical produc-
tion of TZM is carded out by adding the alloying ele-
ments and carbon in elemental form. As a result of
dissolution and precipitation processes, grain boundary
precipitates form which are particularly responsible for
raising the embrittling and recrystallisation temperature
of molybdenum.

Particularly in high vacuum melt-metallurgical pro-
duction processes the above method has the disadvan-
tage that, especially 1n the case of titanium, the required
end concentrations can only be precisely adjusted with
great difficulty due to titanium’s high vapour pressure.
This can usually only be controlied by the empirical
adjustment of the melt parameters and the quantity of
the alioying element added.

The object of the present invention is therefore to 6o

provide a powder mixture for further processing by
customary powder-metallurgical processes or a suitable
combination of hard materials for adjusting alloy forma-
tion in the melt-metallurgical production of TZM,
which avoids the abovementioned disadvantages en-
countered in industrial practice.

Contrary to various statements made in the literature
it has surprisingly been found that, when using suitably
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treated carbides and carbomitrides or nitrides and appro-
priately adapting the methods employed for sintering
and subsequent melt-metallurgical processing, a stan-
dardised TZM alloy with a low N; content can be pro-
duced. From the information contained in the literature
and thermodynamic calculations it would actually have
been expected that nitride precipitates would also form
on the grain boundaries in addition to carbides. This
would produce undesired changes in the properties of
the end product.

A very important aspect of this process is considered
to be the fact that both the metal and the carbon con-
tents in the end product can be precisely adjusted by the
use of relatively readily decomposable nitrides. Al-
though a special sintering techmque is required for this
purpose, such techniques are not unfamiliar to powder-
metallurgical experts. A further advantage of the pro-
posed process is that the metal nitrides, carbides and/or
carbonitrides can be relatively easily comminuted to the
required particle size in attritors or in other grinding
apparatus to particle sizes of <5 um (sedigraph). By
means of a special mixing/grinding technique the fine
hard material powders can be homogeneously dispersed
in the molybdenum metal powder.

As might have been expected it has been found that
the nitrides or carbonitrides can be ground to the re-
quired fineness more economically than the carbides
mentioned in the literature or the corresponding metal
powders.

One preferred embodiment of the present invention
comprises using titanium and zirconium in the form of
nitrides or a portion of the titanium in the form of a
carbide, in order to include a proportion of carbidic
carbon in the form of bound carbon. It 1s however also
very important to carefully adjust the maximum particle
size of the starting hard materials t0 <5 um and to use
a special processing method for the production of the
mixtures and the further processing thereof by powder-
metallurgical techniques.

It has also surprisingly been found that TiN, for ex-
ample, as well as ZrN, and even TiZrCN 1n correspond-
ing ratios form a suitable materal for the melt-metallur-
gical production of the TZM alloy.

Thus the present invention relates t0 a molybdenum
powder mixture containing powder particles of car-
bides, carbonitrides and/or nitrides of titanium and
zirconium and free carbon in the form of carbon black
in such a quantitative ratio that the weight ratio of tita-
nium to (elementary) zirconium in the powder mxture
is between 4 and 9, the weight ratio of titanium to car-
bon (bound and free) is between 3 and 7, the particle
size of all of the mixture components is less than 5 um
(sedigraph), and in addition the weight ratio of the
contents of bound nitrogen and bound carbon 1s at least
0.7, and preferably at least 1, and in particular 1.5 to 3.

The present invention relates to a molybdenum pow-
der mixture which contains as the masterbatch a quan-
tity of powder particles excluding molybdenum of from
5 to 209% by weight of the total mixture.

The invention also relates to the further processing of
the masterbatch to form a molybdenum powder mixture
in which the quantity of powder particles excluding
molybdenum is from 0.6 to 0.9% by weight of the total
mixture and which can be converted directly into a
TZM alloy by powder-metallurgical processes.

In the preferred embodiment of the present invention
TiN, TiC and ZrN, which have been carefully pre-
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treated for powder-metallurgical processing and have
suitable particle sizes, as well as lamp black, are inti-
mately mixed with the molybdenum powder in such a
manner that a highly concentrated premix is produced.
The mixture is produced in such a manner that the hard
materials are initially introduced into a positive mixer
and gradually “diluted” with the molybdenum metal
powder. The ingredients can be mixed in the dry or the
wet state.

This method of procedure is particularly advanta-
geous since it ensures the optimum dispersion of the
hard matenals in the molybdenum matrix. Detrimental
inhomogeneities/agglomerations can thus be substan-
tially avoided.

A further preferred embodiment of the present inven-
tion 1s the use of nanocrystalline hard materials (with
particle sizes of <500 nm), particularly in the powder-
metallurgical production of the abovementioned alloys.

The hard matenials TiC, TiN, ZrC, ZrN, TiZrC,
TiZrCN and TiZrN preferred according to the inven-
tion are either ground to particle sizes of <5 um by
industrially known processes, or produced in corre-
spondingly fine particle sizes by reaction in the gas
phase. Compounds of the 5th subgroup of the periodic
table of the elements or rare earth carbonitrides can also
be used as alloying additives.

EXAMPLE 1

The components T1C, TiN and ZrN to be contained
in the TZM powder mixture were attritor-ground to
100% <5 um (sedigraph) and then screened at —70
um. A molybdenum metal powder with a FSSS of 5 um
was screened at 63 pum.

In a plough share mixer a premix (1) was prepared
from 31% by weight of TiC, 48% by weight of TiN,
14% by weight of ZrN and 7% by weight of fine carbon
black. This mixture (1) was initially introduced into the
plough share mixer in an amount of 15% by weight and
85% by weight of MoMP (mixture (2)) were added
slowly over a period of 1 hour. This mixture is used as
a mastermix 1:20 for the production of finished TZM
powder mixtures.

Mixture (2) was then initially introduced into the
plough share mixer in an amount of 5% by weight and
95% by weight of MoMP were added. After a mixing
time of 15 minutes and precautionary screening at — 150
pm, the TZM powder mixture (3) is produced, which
can be processed directly by powder-metallurgical
techniques to form sintered parts.

By using mixers of suitabie sizes and designs (with
rotating knife heads) it must be ensured that the pow-
ders are disagglomerated and homogeneously mixed.

EXAMPLE 2

In accordance with Example 1 TiCN (30/70) and
ZrC were attritor-ground and screened.

70% by weight of TiCN (30/70) and 17% by weight
of ZrC were mixed with 7% by weight of carbon black
in a plough share mixer (mixture (1)).

In accordance with Example 1 this mixture with
MoMP was processed further to form the finished TZM
powder mixture (3).

EXAMPLE 3

In accordance with Example 1 TiCN (50/50) and
ZrN were attritor-ground and screened.

79% by weight of TiCN (50/50) were mixed with
15% by weight of ZrN and 6% by weight of carbon
black 1n a plough share mixer (mixture 1)). This premix
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was processed further according to Example 1 to pro-
duce a finished TZM powder mixture.

FSSS =Fisher sub-sieve sizer

MoMP=99.9% molybdenum powder

We claim:

1. A molybdenum powder mixture containing pow-
der particles of carbides, carbonitrides and/or nitrides
of titanium and zirconium and free carbon in the form of
carbon black in such a quantitative ratio that the weight
ratio of titanium to (elemental) zirconium in the powder
mixture 1s between 4 and 9, the weight ratio of titanium
to carbon (bound and free) is between 3 and 7, the parti-
cle size of all of the components of the mixture is
smaller than 5 um, and the weight ratio of the contents
of bound nitrogen and bound carbon is at least 0.7 and
wherein the quantity of powder particles excluding
molybdenum is from 5 to 209% by weight of the total
mixture.

2. A molybdenum powder mixture containing pow-
der particles of carbides, carbonitrides and/or nitrides
of titanium and zirconium and free carbon in the form of
carbon black in such a quantitative ratio that the weight
ratio of titanium to (elemental) zirconium in the powder
mixture is between 4 and 9, the weight ratio of titanium
to carbon (bound and free) is between 3 and 7, the parti-
cle size of all of the components of the mixture is
smaller than 5 um, and the weight ratio of the contents
of bound nitrogen and bound carbon is at least 0.7. and
wherein the quantity of powder particles excluding
molybdenum is from 0.6 to 0.9% by weight of the total
mixture.

3. Molybdenum powder mixture according either of
claims 1 or 2, in which-the powder particles excluding
molybdenum have a particle size of below 500 nm.

4. A master powder particle mixture for use in mak-
ing molybdenum based alloys, essentially all of the par-
ticles of the mixture being of a particle size smaller than
5 pm, the mixture being usable, after several fold dilu-
tion by intimate and well dispersed further mixture with
molybdenum particles in subsequent production of mo-
lybdenum alloys by powder-metallurgy and/or melt
processing,

the original said master mixture containing particles

of chemical composition selected from the group
consisting of carbonitrides and nitrides of titanium
and/or zirconium, and further comprising carbon
in the form of a material selected from the group
consisting of elemental carbon, carbides and carbo-
nitrides of titanium and/or zirconium,

the foregoimng in such a quantitative ratio that the

weight ratio of titanium to (elemental) zirconium in
the original powder mixture is between 4 and 9, the
weight ratio of titanium to carbon (bound and free)
1S between 3 and 7, and the weight ratio of the
contents of bound nitrogen and bound carbon is at
least 0.7.

5. Powder mixture in accordance with claim 4
wherein the mixture comprises less than 0.1 w/o ele-
mental carbon, but comprises a carbide or carbonitride
of titanium and/or zirconium in an amount sufficient to
introduce carbon into the ultimate molybdenum alloy
and further comprises an additional nitride and/or car-
bonitride of zirconium.

6. A molybdenum mastermix or master-premix pow-
der mixture comprising a powder mixture in accor-
dance with either of claims 7 or 8 dispersed within
molybdenum particles.
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